Objective: We analyzed the outcomes for patients with a retropharyngeal internal carotid artery (ICA) who underwent a transoral robotic surgery (TORS) procedure involving a cervical-transoral robotic oropharyngectomy course with free flap reconstruction.
INTRODUCTION
Transoral robotic surgery (TORS) for resection of pharyngeal tumors using the da Vinci Surgical System was first described in 2006 by Weinstein and O'Malley, after which it became rapidly adapted worldwide as an alternative to open approaches as well as to primary radiotherapy for some authors. [1] [2] [3] [4] [5] [6] The use of the da Vinci Robot for T1 and T2 lesions was approved by the FDA in 2009, and in light of the limited size of the resection in these indications most teams allow the surgical defect to heal by secondary intentions given the good oncologic and functional outcomes that have been reported. 2, [7] [8] [9] However, the presence of either a retropharyngeal internal carotid artery (ICA) or a vascular proximity that is likely to result in an intraoperative exposure of the carotid bulb or the ICA were initially proposed to be contraindications for TORS due to the risk of a catastrophic vascular injury. 2, 10 We have developed a cervical-transoral robotic oropharyngectomy approach with free flap reconstruction in our center, as a refined procedure for salvage oropharyngectomy that ensures vascular safety and optimal quality of deep margins. 11 We first perform dissection of the carotid artery in the parapharyngeal space through the neck approach, after which en bloc resection of the parapharyngeal space is completed in combination with the transoral robotic surgery. 11 The absence of complications in our experience led us to successfully extend the indications for this refined procedure to patients with a retropharyngeal ICA. In this paper we review the treatment of patients with a retropharyngeal ICA who underwent a TORS procedure. We describe the postoperative outcomes, with the aim of demonstrating the peroperative safety and feasibility of this surgical application.
MATERIALS AND METHODS

Patients
Patients amenable to transoral robotic oropharyngectomy in our institution are included in the still ongoing NCT02517125 phase II multicentric prospective nonrandomized trial "evaluation of the contribution of transoral robotic-assisted surgery using da Vinci Xi for Head and Neck tumors" (n8ID-RCB 2015-A00173-43). 12 Its purpose is to evaluate TORS using the da Vinci Xi Surgical System Robot by prospectively assessing perioperative outcomes, postoperative functional results, and oncologic results. Early results regarding the feasibility and technical specificities have been published previously. 12 Patients included are over 18 years of age and have been treated for a histologically proven neoplasm for which the resectability has been assessed by clinical and radiological examinations. Patients with posttherapeutic progression or an early recurrence (<6 months) after a failure of radiotherapy are excluded to date. Transoral access to the tumor and the expected feasibility of transoral robotic surgery are evaluated during the initial endoscopy under general anesthesia by the senior robotic surgeon investigator using dedicated retractors. The treatment strategy is then confirmed by a head and neck oncology multidisciplinary team meeting and the patient then undergoes an inclusion consultation. The patient's consent is formally obtained, they are provided with an information leaflet, and the procedure is explained to them in person.
The patients selected for the present subgroup study underwent TORS for an oropharyngeal localization, and by preoperative computed tomography (CT) scan and magnetic resonance imaging (MRI) it was determined that they had a retropharyngeal ICA. A cervical-transoral robotic oropharyngectomy with free flap reconstruction was scheduled. A preoperative Doppler ultrasound examination of the neck vessels confirmed the suitability of microsutures for a free flap reconstruction. Patients were informed of the risk of preoperative conversion to a nonrobotic open procedure, in case of difficulty with ensuring the carotid safety.
Procedure
We previously described and published the surgical technique for the cervical-transoral oropharyngectomy with free flap reconstruction. 11 After neck dissection, the posterior belly of the digastric muscle and the stylohyoid muscle are removed (Fig. 1A,B) . Dissection along both the external and internal carotid arteries is then performed in the parapharyngeal space (Fig. 1C) . The internal carotid artery (ICA) is readily dissected into the retropharyngeal space and freed from adhesions and fascias. It is important to continue the dissection of the ICA above the upper part of the arterial loop until its upward turn in the parapharyngeal space. It allows the ICA to be handled carefully with a gauze pad and gently moved outward so as to be pulled out of the retropharyngeal space. A dry gauze pad is placed as high as possible on the anterior and medial sides of the ICA, a Betadin pad is placed in the neck incision, and the operative field is covered with a sterile drape. The transoral robotic oropharyngectomy is then performed according to the original surgical technique described by Weinstein and O'Malley. However, the opening of the constrictors at this stage gives immediate access to the parapharyngeal space, which has already been dissected. Therefore, the deep pole of the parotid gland can be observed immediately. The gauze pad covering the ICA can readily be identified in the surgical field (Fig. 2) . As the deep margins of the resection have already been optimally dissected during the neck approach, the transoral procedure is greatly facilitated and much less onerous for the surgeon. After completion of the oropharyngeal resection with frozen sections if necessary, the size and shape of the defect that needs to be reconstructed are measured directly via the transoral route and the robot is removed.
A thin fasciocutaneous free flap is then harvested and the skin paddle is tailored to fit the defect. We have harvested a thin anterolateral thigh flap in most cases of free flap reconstruction after TORS to date (16 out of 18 patients), because of the reduced morbidity of the donor site while allowing for a very thin paddle when dissected in the plane of the superficial fascia. 13 The flap is inserted through the mouth and sutured to Fig. 1 . Surgical neck approach for the cervical-transoral robotic oropharyngectomy procedure. After completion of the neck dissection, the posterior belly of the digastric muscle and the stylo-hyoid muscle (A, white arrow) are resected (B). The dissection of the internal carotid artery (ICA) can then readily be performed in the retrostyloid space (C), then followed along the retropharyngeal loop, and adhesions are removed. The ICA is gently pulled out, back into the parapharyngeal space, and covered with a dry white gauze pad. The procedure is continued with the transoral robotic approach.
the soft palate transorally "by hand," after which the pedicle vessels are passed through the surgical pharyngotomy. The neck incision is reopened and microanastomoses are performed as usual. Naturally, all gauze pads are removed. Toward the end of the procedure, the robot is reinstalled to finish the transoral suture of the skin paddle, and the neck is closed.
RESULTS
Patients and Preoperative Assessments
Three patients with a retropharyngeal ICA underwent a cervical-transoral robotic oropharyngectomy with free flap reconstruction at our institution ( Fig. 3 and 4) . Their characteristics are listed in Table I . All of the patients had a preoperative CT scan and MRI of the head and neck regions, a chest CT scan, and a positron emissions tomography (PET) scan. The reported measurements were obtained from the head and neck CT scan. Patient number 3 had been treated 10 years prior with induction chemotherapy (two cycles of docetaxel, cisplatin, and fluorouracil) followed by concurrent chemoradiotherapy (weekly carboplatin) for a p16-positive stage T2N2cM0 squamous cell carcinoma of the ipsilateral tonsillar fossa. Of note, he now presented with a p16-negative oropharyngeal cancer and received just one cycle of induction chemotherapy only due to grade IV toxicity.
Preoperative Courses
All of the patients underwent an oropharyngeal resection via a cervical-transoral robotic approach, as described above in the Materials and Methods section. In all of the patients, the resection of both the posterior Fig. 2 . Transoral robotic approach in the cervical-transoral robotic oropharyngectomy procedure. The opening of the pharyngeal constrictors shows the dry gauze pad (white arrow) that covers the internal carotid artery pulled out of the surgical field. The complete resection can be performed without any vascular danger, and the surgical bed is covered with a fasciocutaneous free flap reconstruction. belly of the digastric muscle and the stylohyoid muscle could readily be achieved and it allowed for dissection of the entire retropharyngeal carotid loop, which was gently pushed out into the parapharyngeal space without presenting any difficulty. In all of the patients, dissection of the external carotid artery could be readily performed up to its entry into the parotid gland. No prophylactic ligation of anterior arterial vessels (that is, the thyroid artery, lingual artery, or facial artery) was necessary for patients 2 and 3, whereas we deemed it preferable to tie the lingual artery in patient 1. Only lingual veins had to be ligatured in all patients. In all three of the patients we harvested a thin anterolateral thigh (ALT) free flap. We performed arterial anastomoses using the facial artery (n 5 2) or the superior thyroid artery (n 5 1), and venous anastomoses using the thyrolinguo-facial venous trunk in all of the patients.
Postoperative Courses
A respiratory infection without hypoxemia occurred at day 3 after the surgery for patient 1, and it resolved quickly with antibiotics. This was the only complication in all three of the patients, who resumed complete oral intake soon after the surgery (Table I) .
DISCUSSION
We were able to show that TORS can be used in patients with a retropharyngeal internal carotid artery (ICA) without leading to complications, even in a previously irradiated surgical field, provided that the procedure has been adapted for complex situations. In our opinion, the cervical-transoral robotic approach as well as the coverage by a free flap tailored to fit the defect were key aspects for a successful surgical procedure with permanent vascular safety.
A surgical approach for oropharyngeal cancer must provide surgeons with a sufficient exposure for both stateof-the-art tumor removal with safe dissection, and experience-based reconstruction that restores a satisfactory level of functions. The usual transmandibular lip-split open approach is associated with a high-quality direct visualization of oropharyngeal structures as well as the associated parapharyngeal dissection, thus permitting the surrounding nerves and vessels to be preserved as much as possible depending on the resection required. 14, 15 However, this large open approach is associated with high rates of postoperative morbidity, which is higher still when the surgery is performed in a previously irradiated field. Infections, disfiguring scars, loss of oral continence, exposure of fixation materials, osteitis and osteonecrosis, mandibular pseudo-arthrosis, dental displacement with malocclusion, difficulties with swallowing, long-term tracheotomy, and persistent enteral nutrition are not uncommon.
14, 16 The association of a transcervical and a transoral approach to reduce the morbidity of the surgery has already been described by several authors for resection of oropharyngeal cancers, with successful reconstruction by fasciocutaneous free flaps such as radial forearm free flaps. 17 To date, such limited approaches have been shown to provide good oncologic and functional results when performed in selected patients and by experienced surgeons. 17 Nevertheless, the [1] [2] [3] [4] [18] [19] [20] To date, a retropharyngeal ICA has, however, been considered to be a contraindication for TORS due to the risk of a catastrophic vascular injury. 10, 21 We have developed and recently published the cervicaltransoral robotic oropharyngectomy approach with free flap reconstruction as a refined procedure for complex situations such as salvage oropharyngectomy. 11 The goals are to ensure the vascular safety and optimal quality of deep margins, by performing the primary dissection of the internal carotid artery in the parapharyngeal space through the neck approach, then en bloc resection of the parapharyngeal space combined with the transoral robotic surgery. Irrespective of the approach used, a lateral oropharyngectomy in a patient with a retropharyngeal ICA will in fact always require a meticulous vascular dissection and will invariably result in the ICA being exposed in the surgical field after completion of the resection independently of the tumor size. Regardless of the approach, exposure of the carotid artery and creation of a large oro-cervical operative fistula will always require a surgical cover of vital structures, particularly after radiotherapy. De Almeida et al. have proposed a consensual algorithm for reconstruction decision in TORS based on a classification that takes into account the number of anatomical subsites of the oropharynx that are removed, the ICA exposure in the pharynx, a communication with the neck, and the extent of the soft palate resection. 7 In fact, this algorithm could be an option for any oropharyngectomy procedure independently of the approach used, thus highlighting its relevance. We fully agree with the authors that an extended resection involving more than one anatomical subsite associated with ICA exposure is probably among the more complex situations that may be encountered (class IV) and it will require a free flap reconstruction if the patient is amenable to such a surgery. Thus, the cervical-transoral robotic oropharyngectomy with free flap reconstruction is the result of all of these experience-based principles and it benefits from the best of the knowledge of our peers. This allows TORS to be performed with permanent safety, even in patients with a retropharyngeal internal carotid artery. Complete oral intake d21 d7 d12
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